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A B S T R A C T

Introduction. According to incentive motivation models, sexual stimuli play a crucial role in eliciting sexual arousal,
desire, and behavior. Therefore, it seems highly valuable to investigate the process through which stimuli acquire
motivational value. Although many theories of human sexual behavior assume that sexual stimuli obtain arousing
properties through classical conditioning, systematic research on classical conditioning of sexual responses in humans
is scarce. Recently, however, our research group observed conditioned genital responses in women using a differential
conditioning procedure and genital vibrostimulation as unconditional stimulus (US).
Aim. The aim of the present experiment was to perform an extended replication of this previous study to test the
efficacy of our conditioning paradigm.
Methods. A differential conditioning experiment was conducted in 32 sexually functional women. Neutral pictures
served as conditional stimuli (CSs) and genital vibrostimulation as US. Only one CS (the CS+) was followed by the
US during the acquisition phase. Conditioned responses were assessed during the extinction phase.
Main Outcome Measures. Vaginal pulse amplitude (VPA) and skin conductance level were assessed, and ratings of
affective value and sexual arousal were obtained.
Results. As expected, during the extinction phase, VPA was higher in response to the CS+ than to the CS-. Also, the
CS+ tended to be evaluated as more positive and as more sexually arousing than the CS-. In addition, the magnitude
of conditioned subjective affect was related to scores on the Sexual Inhibition\Sexual Excitation Scales. Skin
conductance levels showed no conditioning effect.
Conclusions. Genital and subjective sexual responses were successfully modulated by the differential conditioning
paradigm. This replication of our previous study confirms the effectiveness of our conditioning procedure and
indicates that it may provide a fruitful paradigm for further research on associative sexual reward learning in humans.
Both S, Brauer M, and Laan, E. Classical conditioning of sexual response in women: A replication study.
J Sex Med **;**:**–**.
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Introduction

H aving too little sexual desire, or hypoactive
sexual desire, is the most common sexual

problem among women. American and English
nationwide studies report a lifetime prevalence of
30–40%, and a prevalence of 10% for persistent
low sexual desire problems [1,2]. Excessive sexual
desire, or hyperactive sexual desire, is mostly
observed in men and appears to be associated with

paraphilia-related disorders [3]. Very little is
known about causes of hypoactive and hyperactive
sexual desire disorders, and insight in the under-
lying mechanisms of sexual motivation seems
essential for a better understanding and treatment
of these problems.

According to incentive motivation models,
sexual motivation—the tendency to engage in
sexual behavior—is the result of the interplay of a
sensitive internal sexual system with external
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motivational stimuli. External stimuli that can play
a role in stimulating motivation are termed incen-
tive stimuli [4–7]. Sensitivity of the internal sexual
system, which is moderated by neurotransmitters
and hormone levels in the body and the brain, is
necessary for sexual motivation to emerge. A sen-
sitive sexual system is, however, not sufficient
because incentive stimuli are required to stimulate
motivation. Interaction of the sexual system with a
sexual incentive elicits sexual motivation, which is
reflected in genital arousal and sexual behavior and
in the experience of sexual excitement and desire
[5,7,8].

Most human research on sexual motivation con-
centrates on factors affecting the sensitivity of the
sexual system. However, as incentive motivation
models imply, incentive stimuli play a crucial role
in eliciting sexual arousal, desire, and behavior.
Therefore, it seems highly valuable to investigate
processes through which stimuli may acquire
motivational value, i.e., become incentives. In the
present study, it is investigated whether stimuli can
acquire sexual motivational value through classical
conditioning.

To activate the sexual system, a stimulus has to
be “sexually competent,” its presence, actual or in
mental recall, should trigger sexual emotion [8].
Some stimuli may be innately sexually competent,
such as stroking or kissing. However, most sexual
stimuli are not intrinsically sexually competent;
their attractiveness depends on their history of
positive or negative behavioral consequences and
the resulting meaning that is stored in memory.
Stimuli may acquire their capacity to elicit sexual
motivational responses through basic associative
learning processes such as classical conditioning
[4,9]. Distal cues (such as sight or smell or envi-
ronmental cues) of sexually competent stimuli
may gain learned incentive value through their
association with the stimulus contact. The distal
cues may become associated with the automatic
physiological response and the positive affect
resulting from interaction with the sexually com-
petent stimulus, and may thereby become learned
incentive stimuli. By contrast, negative emotional
experiences, or the absence of expected positive
experiences, may also become associated with
stimuli that used to have incentive value, resulting
in less attraction or even aversion to these incen-
tives. As a consequence, the quantity and quality
of incentives that can activate the sexual system
depend on the individual’s sexual history and
differ from one individual to another. Based on
this notion, it can be hypothesized that in the

causation of hyposexuality and hypersexuality
conditioning can play an essential role [10].
Hypoactive sexual desire may be the result of a
lack of association between sexually rewarding
experiences and stimuli, resulting in a limited
number and strength of potential sexual incen-
tives, or of negative experiences resulting in a
negative valence of sexual stimuli, or it may be the
result of a combination of both. Hypersexuality,
in contrast, may be the consequence of a history
of strong and frequent associations between sexu-
ally rewarding experiences and stimuli, resulting
in a large number and considerable strength of
stimuli that can elicit sexual arousal and desire,
including deviant stimuli (paraphilia).

Although many theories of human sexual
behavior assume that sexual stimuli obtain arous-
ing properties through associative learning
[11,12], systematic research on sexual incentive
learning is largely limited to studies in animals,
mainly rats [9,13]. In these studies, the paradigm
of classical conditioning is often used in which a
specific stimulus (the “conditional” stimulus, or
CS), for example, a smell, is repeatedly paired
with stimulation-eliciting sexual response (the
“unconditional” stimulus, or US). After pairing,
the particular smell is in itself able to elicit a
sexual response (the “conditioned” response, or
CR). Following conditioning, the CS can be
repeatedly presented without the US to study
extinction of the conditioned response. Such
experimental procedures are used to systemati-
cally investigate sexual incentive learning and
neurobiological influences on this learning. This
kind of research in humans is scarce, yet it is
likely to yield important knowledge about
mechanisms underlying sexual motivation and
related disorders such as hyposexuality and
hypersexuality.

A number of studies in animals have demon-
strated conditioned sexual arousal responses, but
there is only limited empirical evidence for classi-
cal conditioning of sexual arousal in humans [9].
Few studies reported conditioned sexual arousal
responses in human males [9,14], and to date, even
fewer studies investigated classical conditioning of
sexual arousal in women. The first study in women
did not find increased genital or subjective sexual
arousal in response to a colored light that was
paired with an erotic film [15]. In a second study,
however, increased genital arousal was observed in
men and women in response to a sexually relevant
picture that was presented subliminally and paired
with erotic film [16]. And recently, our research
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group observed a conditioned genital arousal
response in women to an erotic picture that was
presented subliminally and paired with genital
vibrostimulation [17] and to a neutral picture that
was presented supraliminally and paired with
genital vibrostimulation [18]. This latter study was
the first that provided evidence for a conditioned
genital response to an initially neutral CS in
human females.

In the present study, we performed an
extended replication of this latter study to test
the effectiveness of our conditioning paradigm. A
successful conditioning paradigm may form a
fruitful basis to study basic learning processes like
extinction or renewal of sexual responses as well
as neurobiological influences on sexual incentive
learning. Similar to our initial studies, in the
present study, we used a differential conditioning
procedure. In differential conditioning, the
occurrence of a specific stimulus, the CS+, pre-
dicts the immediate occurrence of a positive or
negative event, and another stimulus, the CS-,
predicts the nonoccurrence of this event. Differ-
ential conditioning is used in the majority of
human fear-learning studies and is known as a
powerful procedure [19]. Clitoral vibrostimula-
tion was used as US. Genital vibrostimulation has
previously been used in studies on sexual
response and appeared to elicit both subjective
sexual arousal and genital arousal [20,21]. In
developing our conditioning paradigm, we rea-
soned that due to the tactile nature of clitoral
vibrostimulation, this US may be a most suitable
appetitive counterpart to the aversive electric
stimulus that is often used in successful aversive
classical conditioning studies. Clitoral vibro-
stimulation and aversive electric shock will be
different in valence and hence in elicited
approach vs. avoidance responses but possibly
equal in terms of intensity. Two neutral pictures
of male faces served as CS. One of these pictures
served as the reinforced CS, the CS+, and the
other as the non-reinforced stimulus, the CS-.
The experiment consisted of a preconditioning
phase, an acquisition phase—in which the CS+
was paired with the US–, and an extinction
phase.

A few changes were made compared with our
previous study. First, we extended the physiologi-
cal dependent variables by measuring not only
genital sexual arousal, but also skin conductance to
investigate conditioning effects on general emo-
tional arousal. Skin conductance has been shown
to be modulated by negative as well as positive

emotional stimuli [22]. When skin conductance
appears to be a sensitive parameter for conditioned
appetitive arousal, this may offer the opportunity
to investigate gender differences in sexual condi-
tioning effects using the same dependent physi-
ological variable in men and women. Also, we
extended the subjective dependent variables, by
measuring affective value as well as subjective
sexual arousal in response to the CSs, to examine
whether the pairing of the neutral stimulus with
the US would result not only in stronger positive
feelings toward the CS, but also in stronger sexual
feelings. We expected genital blood flow and skin
conductance level (SCL) to be higher following
the CS+ than following the CS- during the first
extinction trials. In addition, we expected pairing
of the CS+ with vibrotactile stimulation to result
in stronger positive affective value and stronger
sexual arousal ratings in response to the CS+ com-
pared with the CS-. Conditioned physiological
and subjective responses were expected to show
extinction over the non-reinforced trials following
the acquisition phase.

In addition, we investigated the relationships
between the strength of conditioned bodily and
subjective responses and individual differences in
sexual excitability and sexual functioning. Accord-
ing to the dual control model, sexual responses
depend on mechanisms involving excitatory and
inhibitory neurophysiological systems [23]. Indi-
viduals are thought to differ in their propensity for
sexual excitation and sexual inhibition, a variability
that may be genetically determined or may be the
result of early learning experiences. Individuals
with a propensity for sexual excitation get easily
aroused in response to sexual stimuli, while the
propensity for sexual inhibition reflects easily
losing one’s sexual arousal because of inhibiting
cues. We hypothesized that individual differences
in sexual excitation and inhibition would be related
to sexual conditionability and predicted that a
stronger tendency for sexual excitation would be
associated with stronger responses to the US and
stronger conditioning effects and that a stronger
tendency for sexual inhibition would be associated
with weaker responses to the US and weaker con-
ditioning effects. Also, we hypothesized that levels
of sexual desire and sexual arousal in daily life
would be related to sexual conditionability. We
expected that stronger conditioned bodily and
subjective sexual responses would be associated
with higher levels of sexual desire and sexual
arousal as measured by the Female Sexual Func-
tion Index (FSFI) [24].

Classical Conditioning of Sexual Response in Women 3
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Method

Participants
Participants were 32 women (age, M = 24.2, stan-
dard deviation [SD] = 4.0, range 18–35 years) who
received course credit or were paid (EUR 35) for
their participation. Participants were recruited
through advertisements at the Universities of
Leiden and Amsterdam. Inclusion criteria were:
age between 18 and 45 years and a heterosexual
orientation; exclusion criteria were sexual prob-
lems, a Diagnostic and Statistical Manual of
Mental Disorders 4th Edition (DSM-IV) diagno-
sis of an affective or psychotic disorder or abusive
drug use, pregnancy or breastfeeding, and a
medical illness or use of medication that could
interfere with sexual response.

The majority of the participants (68.8%) had a
stable heterosexual relationship at the time of the
study. Most participants (68.8%) were students.
Mean FSFI [24] score was 30.4 (SD = 3.6, range
20.8–34.8), indicating sexual functioning of the
study group within the normal range [25]. Mean
Sexual Excitation Scale (SES) score was 2.74 (SD =
0.30, range 1.78–3.34), and mean Sexual Inhibition
Scale (SIS) score was 2.39 (SD = 0.34, range 1.75–
3.28), indicating that sexual excitation and sexual
inhibition levels of the study group were compa-
rable with that of other student populations [26].

Before participation, all women received written
information including a description of the proce-
dure, the clitoral vibrostimulation, and the genital
response measurement. Confidentially, anonymity
and the opportunity to withdraw from the experi-
ment without penalty were assured to all partici-
pants. The study was approved by the Ethics
Committee of the Leiden University Medical
Center.

Design
The experimental design involved differential con-
ditioning with one stimulus (the CS+) being fol-
lowed by the clitoral vibrotactile stimulation (the
US) during the acquisition phase, whereas the
control stimulus (the CS-) was never followed by
clitoral vibrotactile stimulation. Which of the two
pictures served as the reinforced CS, the CS+, or
the non-reinforced CS, the CS-, was counterbal-
anced. For half of the participants picture A served
as the CS+, for the other half picture B. After the
acquisition phase, six extinction trials followed.
Thus, the basic design for testing conditioning
effects was a 2 (CS+/CS-) ¥ 6 (trial) within sub-
jects design.

Conditioning Procedure
During the preconditioning phase, the partici-
pants saw four non-reinforced presentations of the
CS+ and four presentations of the CS-, for 11
seconds each. The acquisition phase consisted of
eight CS+ presentations and eight CS- presenta-
tions. During the acquisition phase, the US was
delivered for 2 seconds, starting 10 seconds after
the onset of the CS+. During the extinction phase,
six non-reinforced CS+ and six CS- were pre-
sented. Two random orders were made for each
phase, with the restriction of only two successive
presentations of each CS. Half of the participants
saw the pictures in order 1, the other half in order
2. There was no interval between the precondi-
tioning, acquisition, and extinction phases. During
the whole procedure inter-trial intervals (ITIs)
were 20, 25, or 30 seconds. The order of the
length of the ITI was random, with the restriction
of only two successive lengths.

Materials, Apparatus, and Recording
Stimulus Materials
Two neutral pictures served as the CSs. Each
picture portrayed a black and white cartoon-like
drawing of the head of a male person. The pictures
differed with regard to details of the drawings, like
the nature of the hat, the beard, and the glasses the
male figure was wearing. The background and size
of the two pictures were equal. The pictures were
previously used in conditioning experiments and
were rated as neutral [18,27]. The CSs were shown
on a monitor approximately 1.5 m in front of the
participant. The size of the presented pictures was
14 ¥ 21 cm. During the intervals between the
pictures, a white screen was presented.

The clitoral vibrostimulation (US) was pro-
vided for 2 seconds at each trial by a small hands-
off vibrator (2 cm diameter) that was built at the
Department of Psychology, University of Amster-
dam [21]. The participants were instructed to posi-
tion the vibrator at the clitoris and to set the
intensity of the vibration at a level described as
most sexually stimulating.

A computer program timed the administration
of the pictures, the clitoral vibrostimulation, and
the sampling of the physiological measurements.

Genital Response
Genital response was measured using a vaginal
photoplethysmograph assessing vaginal pulse
amplitude (VPA) [28]. The photoplethysmograph
is a menstrual tampon-sized device containing an
orange-red light source and a photocell. The light
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source illuminates the capillary bed of the vaginal
wall and the blood circulation within it. When the
signal is connected to an alternating current ampli-
fier, VPA is measured, which reflects the phasic
changes in vaginal engorgement accompanying
each heart beat, with larger amplitudes reflecting
higher levels of vasocongestion. Depth of the probe
and orientation of the light emitting diode were
controlled by a device (a 6- ¥ 2-cm plate) attached
to the cable within 5 cm of the light sensor. Partici-
pants were instructed to insert the photoplethys-
mograph such that the plate touched their labia.
The vaginal photoplethysmograph was sterilized
by plasma sterilization. Genital response was mea-
sured continuously during resting baseline, pre-
conditioning, acquisition, and extinction phases.

Skin Conductance Level
To determine autonomic nervous system arousal
to the CSs and the US, SCL was measured during
the preconditioning, acquisition, and extinction
phases. SCL was measured using a pair of
Ag-AgCl electrodes (Con-Med, Technical Depart-
ment Psychology, University of Amsterdam,
Amsterdam, The Netherlands) attached to the
middle phalanx of the middle and index fingers of
the nondominant hand.

Ratings
Ratings of the affective value and sexual arousal in
response to the CSs were collected during the pre-
conditioning and the extinction phase. Partici-
pants were asked to rate, after each stimulus
presentation, the affective value of the CSs by
answering the question “What kind of feeling does
this picture evoke in you?” The question could be
answered on a seven-point scale that varied from
very negative to very positive. Subjective sexual
arousal was rated by answering the question “How
sexually arousing is this picture to you?” The ques-
tion could be answered on a seven-point scale that
varied from not sexually arousing at all to very sexu-
ally arousing. The questions were presented at the
monitor 1 second following the end of picture
presentation and could be answered using a button
box. The time the question was shown was paced
by the participant’s response; the time to respond
was maximally 11 seconds. When the participant
answered the first question, the next question was
presented after 15 seconds.

Other Measures
Sexual Function
Data on sexual functioning were collected by the
FSFI [24,29]. The FSFI consists of six subscales:

desire (two items; range 1–5), arousal (four items;
range 0–5), lubrication (four items; range 0–5),
orgasm (three items; range 0–5), satisfaction (three
items; range 0–5), and pain (three items; range
0–5). Higher scores indicate better sexual func-
tion. The FSFI has good internal reliability and is
able to differentiate well between clinical samples
and nondysfunctional controls [25,29].

Sexual Excitation and Sexual Inhibition
In addition to the FSFI, participants completed
the Sexual Excitation Sexual Inhibition Inventory
for Women (SESII-W) [30]. This 36-item ques-
tionnaire assesses the propensity for sexual excita-
tion and sexual inhibition in women. The items of
the questionnaire refer to stimulus situations that
could affect sexual inhibition and sexual excitation,
or to general statements about sexual arousability
and inhibition. Participants are asked to respond
to the items on a four-point Likert-type rating
scale, from 1, strongly disagree, to 4, strongly agree. A
higher score on the sexual excitation factor indi-
cates a stronger propensity for sexual excitation,
and a higher score on the sexual inhibition factor a
stronger propensity for sexual inhibition. The
measure demonstrated good test–retest reliability
and discriminant and convergent validity [30].

Procedure
Each participant was tested individually by a
trained female experimenter. The experimental
visit was preceded by a screening visit. During this
screening visit, a structured psychiatric interview
was administered (The Mini International Neu-
ropsychiatric Interview [MINI]) [31], and the par-
ticipant completed a demographics questionnaire,
the FSFI, and the SESII-W in private. During the
second visit, the experimenter first explained all
the details of the experimental procedure and the
proper use of the vibrator. The participants were
instructed that the purpose of the experiment was
to measure physiological responses to different
pictures and to clitoral vibrostimulation. They
were told that during picture viewing, brief
periods of vibrostimulation would be provided.
Then the experimenter left the room to allow the
participant to insert the vaginal probe and place
the vibrator privately. Then the skin conductance
electrodes were attached by the experimenter,
after which she left the room again. Further
instructions were given via an intercom and
through written instructions on the monitor.

First, the intensity of the vibrostimulation was
determined individually for each participant. The
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participant was exposed to vibrostimulation for 11
times (periods of 2 seconds) during which she
could herself gradually increase the intensity of the
vibration. The participant was instructed via the
monitor to set the intensity at the level she expe-
rienced as most sexually arousing. It was emphasized
that the intensity should not be changed during
the experiment.

Then a 5-minute resting period followed,
during which a neutral film was played and base-
line measurements of genital response were col-
lected during the last 2 minutes. Then the
preconditioning, acquisition, and extinction
phases followed. During the preconditioning and
the extinction phases, participants rated affective
value of the pictures and subjective sexual
arousal.

At the end of the experiment, a questionnaire
was administered in which participants were asked
about their reactions to the experimental proce-
dure, the use of the genital device, their evaluation
of the clitoral vibrostimulation, and their aware-
ness of the CS–US contingency. Participants were
asked to rate on a five-point scale to what extent
they experienced the clitoral vibrostimulation as
pleasurable and sexually arousing. The scales
varied from very pleasurable to very unpleasurable,
and from not sexually arousing at all to very sexually
arousing. To assess contingency awareness. partici-
pants were asked to indicate whether they felt the
vibrostimulation following picture A, picture B, or
following both. In addition, they were asked to
indicate on a seven-point scale to what extend they
expected to receive vibrostimulation following
picture A and picture B. The scale varied from
never to always.

Data Reduction, Scoring, and Analysis
VPA was sampled across resting baseline and the
subsequent experimental phases. VPA data were
entered into a computer program (developed by
the Technical Support Department of Psychol-
ogy, University of Amsterdam) that enables off-
line graphical inspection of the data. A two-pass
algorithm for automatic artifact removal was used
to analyze the VPA data. Artifacts in the channel
monitoring VPA are caused by movements of the
lower part of the body or by voluntary or invol-
untary contractions of the pelvic muscles. After
artifact removal, mean VPA during the 2-minute
resting baseline period was calculated. VPA
responses to the CSs were scored in three latency
windows. First interval responses (FIRs), second
interval responses (SIRs), and third interval

responses (TIRs) were defined as mean response
during 4–8, 9–12, and 13–16 seconds, respec-
tively, after CS onset. The time period of VPA
FIR was based on data from our laboratory
showing that vaginal blood engorgement is a
relatively slow physiological response and that,
consequently, differences in responding may not
be observable during the first 3 seconds after
stimulus presentation. The timeframe of VPA
SIR and TIR were included to analyze VPA
during and following US delivery. For VPA FIR,
SIR and TIR, change scores were calculated
for each CS presentation by subtracting mean
resting baseline VPA from VPA following CS
presentation.

SCL was analyzed for four latency windows.
FIR, SIR, TIRs, and fourth interval responses
(FOIRs) were defined as mean SCL within 1–4,
5–8, 9–12, and 14–16 seconds, respectively, after
CS onset [32]. For all latency windows, change
scores were calculated for each CS presentation by
subtracting mean resting baseline SCL from SCL
following CS presentation.

For VPA, SCL, and subjective ratings, effects
were tested with repeated measures univariate
analysis of variance procedures (General Linear
Model in SPSS), with stimulus and trial as within-
subject factors. The Greenhouse–Geisser correc-
tion was used to adjust for violation of the
sphericity assumption in testing repeated measures
effects. Preconditioning, acquisition, and extinc-
tion phases were analyzed separately. Effect sizes
are reported as proportion of partial variance
(partial h2) [33].

In addition, the strength of the unconditioned
and conditioned genital response was determined.
The magnitude of the unconditioned response
(UR) was determined by calculating the percent-
age of preconditioning VPA score (mean VPA in
response to the CS+ plus vibration during the
acquisition phase \ mean VPA in response to the
CS+ during the preconditioning phase * 100).
The magnitude of the conditioned response (CR)
was determined by calculating the percentage of
the mean VPA in response to vibration (mean
VPA in response to the CS+ during the first
extinction trial \ mean VPA in response to the
CS+ plus vibration during the acquisition phase *
100).

Because of technical problems, the subjective
affect and sexual arousal ratings were missing for
three participants. Consequently, analyses of sub-
jective ratings were conducted with the data from
29 participants.
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Results

Preconditioning Analysis
Analyses were conducted in order to verify equal
levels of VPA and SCL in response to the CS+ and
CS- preceding the acquisition phase. Repeated
measures analyses of variance (anovas) revealed no
significant differences in VPA or SCL following
presentation of the CS+ and CS- for all latency
windows during the preconditioning phase (VPA,
all partial h2 < 0.06, all Ps > 0.2; SCL, all partial
h2 < 0.01, all Ps > 0.6). In addition, ratings of
affective value and subjective sexual arousal did not
differ between the CS+ and CS- (affective value,
partial h2 = 0.06, P = 0.2, sexual arousal, partial
h2 = 0.01, P = 0.9). Thus, participants did not
respond significantly different to the stimuli
during the preconditioning phase.

Contingency Awareness and Evaluation of the US
The majority of the participants (78%) indicated
that they had felt the vibrostimulation following
the CS+. Only one participant (3%) indicated that
she felt the vibrostimulation following the CS-,
and six participants (19%) following both the CS+
and the CS-. The US was expected significantly

more often following the CS+ (M = 5.4, SD = 1.4)
than following the CS- (M = 2.2, SD = 1.4),
t(31) = 8.08, P < 0.0001.

To verify whether the clitoral vibrostimulation
served as a sexually arousing appetitive US as
intended, we determined VPA and SCL in
response to the vibrostimulation during the acqui-
sition phase and the subjective evaluation of the
vibrostimulation. VPA in the second and third
latency window and SCL in the third and fourth
latency window were considered as unconditioned
responses.

The two (stimulus) X 8 (trial) repeated mea-
sures anova of VPA SIR during the acquisition
phase revealed no main effect of stimulus.
However, the repeated measures anova of VPA
TIR did reveal a main effect of stimulus, showing
that VPA was higher following the presentation
of the CS+ plus vibrostimulation than following
the CS-, F(1,31) = 18,35, P < 0.001, partial
h2 = 0.372. Thus, as expected, the vibrostimula-
tion resulted in a genital arousal response. There
were no main effects of trial, and no interaction
effects of stimulus and trial for VPA SIR and TIR.
Figure 1 shows mean VPA TIR following the CS+
plus vibrostimulation and following the CS-

Figure 1 Mean vaginal pulse amplitude (VPA) change score (+/- SEM) during the third interval response window (TIR)
following the CS+ and the CS- during the preconditioning phase, the acquisition phase, and the six extinction trials. Note that
during the acquisition phase, the response represents responding to the CS+ plus the US.
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without vibrostimulation during the acquisition
phase.

The two (stimulus) X 8 (trial) repeated mea-
sures anova of SCL TIR during the acquisition
phase revealed no significant main effect of stimu-
lus. The repeated measures anova of SCL FOIR,
however, revealed a significant main effect of
stimulus, showing that during the fourth latency
window, SCL was higher following the presenta-
tion of the CS+ plus vibrostimulation than follow-
ing the CS-, F(1,31) = 11.79, P < 0.005, partial
h2 = 0.276. Thus, as expected, the vibrostimula-
tion resulted in a general arousal response. There
was also a main effect of trial, F(7,217) = 8.71,
P < 0.001, partial h2 = 0.219, with SCL decreasing
over time, and a significant interaction effect of
stimulus and trial, F(7,217) = 2.49, P < 0.05,
partial h2 = 0.074.

Regarding the subjective appetitive value of the
US, ratings in the exit questionnaire concerning
evaluation of the clitoral vibrostimulation showed
that the majority of the participants experienced
the vibrostimulation as pleasurable: six partici-
pants (18.8%) experienced the vibration as not
unpleasurable/not pleasurable, 16 participants (50%)
as moderately pleasurable, and 10 participants
(31.1%) as very pleasurable. Also, the majority of
the participants experienced the vibrostimulation
as sexually arousing, albeit not strongly arousing:
11 participants (34.4%) experienced the vibro-
stimulation as a little bit arousing, 11 participants
(34.4%) as moderately arousing, 9 (28.1%) as fairly
sexually arousing, and 1 participant (3.1%) as very
sexually arousing.

Conditioning Effects
The two (stimulus) X 6 (trial) repeated measures
anova of VPA FIR during the extinction phase
revealed no main effect of stimulus. However, for
VPA SIR and TIR, there was a main effect of
stimulus, showing that VPA was higher following
the presentation of the CS+ than following the
CS-, VPA SIR F(1,31) = 6.41, P < 0.05, partial
h2 = 0.171; VPA TIR F(1,31) = 9.51, P < 0.005,
partial h2 = 0.235. Thus, the picture that was rein-
forced by clitoral vibrostimulation during the
acquisition phase elicited higher VPA during the
extinction phase, indicating a conditioned genital
arousal response. There was also a main effect of
trial for VPA SIR and TIR, with VPA responses
decreasing over trials, VPA SIR F(5,155) = 4.32,
P < 0.01, partial h2 = 0.122; VPA TIR
F(5,155) = 2.81, P < 0.05, partial h2 = 0.083.
There were no significant interactions of stimulus

and trial (P > 0.5), indicating no extinction of the
differential response to the CS+ and the CS-.
During the last extinction trial, VPA SIR and TIR
were higher in response to the CS+ than in
response to the CS- (VPA SIR, t(31) = 2.08,
P < 0.05; VPA TIR, t(31) = 3.18, P < 0.05).
Figure 1 shows mean VPA TIR following the CS+
and the CS- during the extinction trials.

For SCL, no significant stimulus effects or
interactions between stimulus and trial were
observed.

The two (stimulus) X 6 (trial) repeated mea-
sures anova of the affective ratings showed an
effect of stimulus approaching significance,
F(1,28) = 3.64, P = 0.07, partial h2 = 0.115, and a
significant effect of trial, F(5,140) = 6.42,
P < 0.005, partial h2 = 0.186. Affective ratings of
the CS+ tended to be higher than ratings of the
CS-, indicating a more positive evaluation of the
CS+, and overall the stimuli were evaluated as
less positive over trials (see Figure 2). Thus, as
expected, the picture that was reinforced by
clitoral vibrostimulation during the acquisi-
tion phase tended to be evaluated as more posi-
tive than the picture that was not reinforced.
There was no significant interaction effect of
stimulus and trial, indicating no extinction of the
differential response to the CS+ and the CS-
(P > 0.5). During the last extinction trial, affective
ratings were still marginally more positive for the
CS+ compared with the CS-, t(28) = 1.99,
P = 0.06.

The two (stimulus) X 6 (trial) repeated mea-
sures anova of the sexual arousal ratings showed
no significant stimulus effect (P = 0.18) but a sig-
nificant effect of trial, F(5,140) = 4.28, P < 0.05,
partial h2 = 0.133, and a significant interaction of
stimulus and trial, F(5,140) = 3.19, P < 0.05,
partial h2 = 0.102. During the first trials, sexual
arousal ratings were higher in response to the CS+
than to the CS- and this difference decreased over
trials (see Figure 3). During the last extinction
trail, sexual arousal ratings were not different for
the CS+ compared with the CS-, t(28) = 0.71,
P = 0.49.

Magnitude of the Unconditioned (UR) and
Conditioned (CR) Genital Response
Mean VPA SIR and TIR following the CS+ with
vibrostimulation during the acquisition phase were
significantly higher than mean VPA SIR and TIR
following the CS+ during the preconditioning
phase, respectively, F(1,31) = 4.10, P < 0.05,
partial h2 = 0.117, F(1,31) = 5.72, P < 0.05, partial
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Figure 2 Mean ratings of affective value (+/- SEM) during the preconditioning phase and during the six extinction trials.

Figure 3 Mean ratings of sexual arousal (+/- SEM) during the preconditioning phase and during the six extinction trials.
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h2 = 0.156, showing a significant increase in VPA
due to the vibrostimulation. The magnitude of the
UR was 111% for VPA SIR and 114% for VPA
TIR. Thus, on average, the participants showed an
increase of about 10% in VPA in response to the
vibrostimulation. The magnitude of the CR
during the first extinction trial was 103% and
96%, respectively, for VPA SIR and TIR. Thus,
the strength of the CR during the first extinction
trial was on average as strong as the mean strength
of the UR during the acquisition phase. The mag-
nitude of the CR during the last extinction trial
was 99% and 91%, respectively, for VPA SIR and
TIR. Thus, also the strength of the CR during the
last extinction trial was on average almost as strong
as the mean strength of the UR during the acqui-
sition phase.

Correlations Between Conditioned Responses,
Unconditional Response, Propensity for Sexual
Excitation and Sexual Inhibition, and Sexual Desire
and Arousal
To investigate relationships between conditioned
responses, unconditional responses, propensity
for sexual excitation and sexual inhibition, and
level of sexual desire and arousal, correlational
analyses were conducted. Because affect and
sexual arousal ratings were strongly related
(r = 0.70, P < 0.001), we decided to include only
the affect ratings for subjective conditioned
responses. We expected that the strength of the
conditioned genital response, as well as the
amount of change in subjective affect, would be
positively related to the strength of the uncondi-
tional genital response and the subjective appeti-
tive value of the US. Also, it was expected that
propensity for sexual excitation would be related
to stronger unconditioned and conditioned
responses, and propensity for sexual inhibition to
weaker unconditioned and conditioned responses.

In addition, we expected strength of conditioned
responses to be positively related to levels of
sexual desire and arousal. To investigate these
relationships, for VPA TIR and ratings of affect,
the difference between the response to the CS+
and the CS- during the first trial in the extinc-
tion phase was calculated by subtracting the
response to the CS- from the response to the
CS+. Also, for VPA TIR during the acquisition
phase, the difference between the response to the
CS+ plus vibrostimulation and the CS- was cal-
culated for each trial, and then a mean difference
score was computed. Pearson product-moment
correlations between VPA difference score during
the first extinction trial, affect difference score,
acquisition VPA difference score, evaluative
ratings of the US from the exit interview, SES
and SIS scores, and FSFI desire and arousal
domain scores were calculated (see Table 1).

Table 1 shows that there were no significant
correlations between the strength of the uncon-
ditional genital response and the conditioned
genital response. There was, though, a marginally
significant correlation between the sexual arous-
ability rating of the US, and the subjective affect
difference score. Thus, the magnitude of the
unconditional genital response was not related to
the magnitude of the conditional genital
response, or to the change in affective value. A
more sexually pleasurable experience of the
genital vibrostimulation was, however, marginally
related to a stronger conditioned change in affec-
tive value of the CS.

No significant correlations were observed
between the SES and the SIS scores, and uncon-
ditioned genital response, or conditioned genital
response. There were, however, significant corre-
lations between the SES and SIS scores and con-
ditioned subjective affect. The magnitude of
conditioned subjective affect was positively related

Table 1 Correlations between conditioned genital response, subjective affect, unconditional genital response, ratings of
pleasure and sexual arousability of the unconditional stimulus, Sexual Excitation Scale and Sexual Inhibition Scale
scores, and Female Sexual Function Index desire and arousal domain scores

Conditioned
genital response

Conditioned
subjective affect

Unconditional
genital response

Pleasure rating US 0.06 0.26 0.16
Sexual arousability rating US 0.23 0.37* 0.34*
Unconditional genital response 0.04 0.27
SES score 0.27 0.47** 0.23
SIS score -0.23 -0.44** 0.02
FSFI desire score 0.08 0.31 0.05
FSFI arousal score 0.13 0.11 -0.16

*P < 0.1; **P < 0.05.
FSFI = female sexual function index; SES = sexual excitation scale; SIS = sexual inhibition scale; US = unconditional stimulus.
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to the SES score and negatively to the SIS score.
These results indicate that a stronger subjective
conditioning effect was connected with stronger
sexual excitability and weaker sexual inhibition
proneness.

There were no significant correlations between
the strength of conditioned genital response and
conditioned affect and sexual desire and arousal
domain scores.

Discussion

We expected genital responses and SCL to be
stronger following the neutral picture that was
previously paired with genital vibrostimulation
(the CS+), than following the neutral picture that
was not paired with genital vibrostimulation (the
CS-). In addition, we expected pairing of the
neutral picture with vibrostimulation to result in a
more positive subjective affective value and higher
subjective sexual arousal in response to this
picture. These conditioned physiological and sub-
jective responses were expected to show extinction
over the non-reinforced trials following the acqui-
sition phase. As expected, following the acquisition
phase, genital arousal was higher in response to the
CS+ than in response to the CS-, indicating a
conditioned sexual arousal response. SCL in
response to the CS+ and CS- showed no condi-
tioned response to the CS+. For evaluative ratings,
a marginally significant difference between the
CS+ and the CS- was observed, with higher
ratings of the CS+ indicating a more positive
evaluation of the stimulus that was reinforced by
genital vibrostimulation. Sexual arousal ratings
were, as expected, stronger in response to the CS+
during the first extinction trials, but not during
later trials, indicating a conditioned subjective
sexual arousal response that diminished after
repeated unpaired presentations.

The evidence obtained in this study corrobo-
rates the conditioned genital arousal response
observed by Both et al. and Hoffmann et al.
[16–18]. Thus, next to the available evidence in
men, now there is growing evidence for condi-
tioned sexual arousal in human females. Moreover,
the results of this replication study indicate the
usefulness of our experimental paradigm to study
the classical conditioning of sexual arousal in
women. Our current results, and the results of the
previous studies observing conditioned genital
arousal in women, oppose the study by Letourneau
and O’Donohue in which no evidence was found
for conditioned genital response in women [15]. It

has been suggested that the previous failure to
demonstrate conditioned sexual arousal in women
may have been because of an ineffective US [9].
Letourneau and O’Donohue [15] noted that the
erotic films they used as US elicited only moderate
levels of sexual arousal. However, in our current
and previous conditioning studies, the genital
responses to the US were also not strong. The
average UR in the present study was a 10%
increase in VPA relative to baseline levels.
Although clitoral vibrostimulation obviously
resulted in higher VPA than no vibrostimulation,
compared with VPA levels in other studies from
our laboratory using erotic film [34,35], genital
responses in the present study were weak, which is
to be expected with only brief (2 seconds) vibro-
tactile stimulation. In addition, the majority of the
participants in the present study evaluated the
vibrostimulation as only a little bit or moderately
sexually arousing. Despite the small magnitude of
the UR, we did observe a conditioned genital
response during the extinction phase. The
strength of this conditioned response during
the first extinction trial was comparable with the
strength of the UR. A strong response to the US,
therefore, does not seem to be a prerequisite to
demonstrate conditioned genital arousal in
women. Interestingly, in both Hoffmann et al.’s
and our conditioning studies, a differential condi-
tioning design was applied. As noted before, a dif-
ferential conditioning procedure is used in many
human fear-learning studies and is known as pow-
erful procedure [19]. It seems that also for studies
on appetitive sexual learning in humans, a differ-
ential conditioning procedure may be a most effec-
tive paradigm.

Furthermore, in the study by Letourneau and
O’Donohue, a neutral colored light was used as
CS, while Hoffmann et al. used a sexually relevant
and a sexually irrelevant CS (a photograph of a
male abdomen and a photograph of a gun), and we
used a picture of a male face as CS. Although our
picture was rated as neutral, and it did not look
erotic due to the cartoon-like drawing style, in a
sexual context, a picture of a male face can be
considered as more sexually relevant for hetero-
sexual female participants than a colored light.
Interestingly, Hoffmann et al. observed, with sub-
liminal presentation of the CSs, more evidence of
conditioned genital arousal to the sexually relevant
stimulus than to the sexually irrelevant stimulus.
Possibly, in Hoffmann et al.’s and our study, con-
ditioning of female sexual arousal was facilitated by
the use of a sexually relevant CS. Some cues and
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events may be more easily associated because evo-
lution has prepared one type of association to be
easily formed, a mechanism that is described as
“biological preparedness” [16,36,37]. Hoffmann
et al.’s observations partly provided support for
such a mechanism. However, they observed, in the
condition with conscious presentation of the CSs,
a conditioned genital response to the sexually
irrelevant CS, which is hard to explain. Further
studies are warranted that include both sexually
relevant and irrelevant CSs to confirm that sexual
relevance of the CS affects sexual learning.

General emotional arousal, as reflected in SCL,
increased in response to the US. SCL during the
acquisition phase was higher following the CS+
combined with vibrostimulation than following
the CS-. However, contrary to our expectations,
we did not observe a conditioned SCL following
the acquisition phase. In our previous conditioning
study involving a conditioning procedure with
subliminally presented erotic picture CSs and a
vibrotactile US, we also observed a conditioned
genital response but no conditioned increase of
SCL. The absence of conditioned skin conduc-
tance responses in our studies is in line with the
results of Hoffmann et al. [16], and with a recent
functional magnetic resonance imaging (fMRI)
study on classical conditioning using neutral CSs
and erotic picture USs by Klucken et al. [38].
Similar to our study, Hoffmann et al. observed
conditioned genital responses but no conditioned
skin conductance responses. Klucken et al.
observed learning-related neural activity in the
limbic reward circuitry in the brain but also no
conditioned skin conductance responses. Since in
many fear-conditioning studies conditioned skin
conductance responses are observed, it seems that
anticipation of an aversive US (electric shock)
leads to a higher sympathetic activation than the
anticipation of an appetitive erotic US. Taken
together, for conditioning of sexual arousal, skin
conductance does not seem to be a sensitive
parameter.

The subjective affect ratings showed, although
marginally, an effect of the conditioning proce-
dure on the affective value of the conditional
stimulus. Also, the conditioning procedure
resulted in higher sexual arousal ratings of the
CS+ during the first extinction trials. Thus, as
expected, the neutral picture that was reinforced
by the appetitive erotic US during the acquisition
phase tended to be evaluated as more positive
and as more sexually arousing than the picture
that was not reinforced. Obviously, since partici-

pants were aware of the contingency between the
CSs and US, the ratings cannot be considered as
free from demand characteristics. The change in
affective ratings we observed does, however, indi-
cate that classical conditioning using an appeti-
tive erotic US results in a conditioned response
not only at the physiological level but also at the
subjective level.

The data collected during the extinction phase
indicate that the conditioned genital response as
well as the conditioned affective value did not
clearly diminish. Overall, the stronger genital
response and the tendency for a more positive
evaluation of the CS+ remained over the non-
reinforced trials following the acquisition phase.
However, the VPA responses to both the CS+ and
the CS- showed a decline during the extinction
trials, which may indicate that extinction was hap-
pening but perhaps at a lower rate than over six
extinction trials. Also, although VPA during the
first four and during the last extinction trial was
higher in response to the CS+ than to the CS-,
there was no differential response to the CS+ and
the CS- at the fifth extinction trial. And, in con-
trast to subjective affective value, the conditioned
subjective sexual arousal response did diminish
after repeated unpaired presentations. We have no
explanation for these mixed results, and we have to
conclude that based on the current study conclu-
sions regarding the presence or absence of extinc-
tion of conditioned genital and subjective sexual
responses cannot be made.

Interestingly, also in our previous studies in
women, appetitively and aversively conditioned
subjective affect did not extinguish significantly
during the extinction phase, suggesting resistance
to extinction. These findings are in line with evalu-
ative conditioning research that has shown that
acquired subjective likes and dislikes are quite
resistant to extinction [39,40]. Regarding genital
responses, it is remarkable that in the current study
extinction was not clearly observed, since in fear
conditioning studies physiological fear responses
generally extinguish after a few extinction trials.
Resistance to extinction of conditioned sexual
responses is interesting because it may have impor-
tant clinical implications. For example, if condi-
tioned valence and possibly genital arousal are
relatively resistant to extinction, as a consequence
a combination of extinction and counter-
conditioning (learning a new opposite response)
would be more effective than extinction alone in
the treatment of hypersexuality and paraphilia.
However, in the present study, the extinction
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phase consisted of only six unreinforced trials,
leaving open the question whether the conditioned
genital and affective responses would have clearly
extinguished after a more extensive extinction
phase. It will be interesting to further investigate
extinction by inclusion of a large series of unrein-
forced trials. Based on evaluative conditioning
theory, it may be expected that genital responses
will show a loss of conditioned responding, while
valence ratings (conditioned positive and negative
affect) will show no loss. As noted before, with a
small number of CSs, evaluative ratings cannot be
considered as free from demand characteristics.
Generally, in evaluative conditioning studies, the
number of CSs used is relatively large, and it has
been demonstrated that evaluative changes are
present even when participants fail to recognize
the associated US, or when the participant does
not remember whether the associated US was
positive or negative, providing evidence that the
observed effects are not a mere product of demand
characteristics [40]. To study evaluative condition-
ing, it will be most optimal to assess evaluative
changes, in addition to verbal ratings, using a
measure that is not susceptible to demand charac-
teristics such as an affective priming task [27]. Van-
steenwegen et al., [41] for example, investigated
conditioned fear responses with a differential con-
ditioning procedure including eight acquisition
trials and 24 extinction trials. They observed
extinction of conditioned skin conductance
responses. However, even after 24 unreinforced
trials affective responses—measured with an affec-
tive priming task—were different for the CS+ and
the CS-.

In the context of hypoactive and hyperactive
sexual desire problems, it will be interesting to
further investigate the effect of conditioning on
likes and dislikes of erotic stimuli. A recent study
by Brauer et al. [42] in women suggests that prob-
lems regarding low sexual desire are linked to less
likening of erotic stimuli. They observed that in
women with acquired decreased sexual desire,
erotic stimuli elicited fewer conscious and uncon-
scious positive associations than in women without
sexual problems. Recently, there have been reports
on the use of evaluative conditioning procedures
to change liking of specific stimuli. For example, a
study in women with low body satisfaction dem-
onstrated an increase in body satisfaction and
global self-esteem when pictorial representations
of women’s own bodies were paired with positive
stimuli that signaled social acceptance [43]. Thus,
a simple conditioning procedure was able to

increase body satisfaction in women who were
concerned about their shape and weight. Similarly,
in women with low sexual desire, a conditioning
procedure in which erotic stimuli are paired with
positive stimuli may increase a positive attitude
toward sex. With respect to hypersexuality, strong
likes of appetitive stimuli that can lead to problem-
atic behavior may also be changed by conditioning
procedures. Recently, Houben et al. [44] paired
alcohol (beer) stimuli to negative words and pic-
tures, and observed that after the experimental
procedure, participants showed more negative
attitudes toward beer, experienced less craving for
beer, and consumed less beer both in the labora-
tory during a taste test and outside the laboratory
during the week following the manipulation.
These findings suggest that problematic appetitive
behavior—such as hypersexuality—may be tar-
geted through evaluative conditioning procedures.

Regarding the relationship between the
strength of the conditioned sexual responses and
individual differences in sexual excitation and
sexual inhibition, and sexual desire and arousal as
measured through questionnaires, the data of the
present study show mixed results. There were no
significant correlations between conditioned
genital responses at the first test trial and indi-
vidual tendencies for sexual excitation or inhibi-
tion. Higher sexual excitation scores as measured
with the SESII-W were, however, connected with
a stronger conditioned change in subjective affec-
tive value. Stronger sexual excitation was associ-
ated with more positive affect toward the
conditional stimulus during the first test trial. Also,
lower sexual inhibition scores as measured by the
SESII-W were significantly related to conditioned
change in subjective affective value; lower sexual
inhibition was associated with more positive affect
toward the conditional stimulus. These findings
indicate that the magnitude of conditioned liking
is related to sexual excitation and inhibition prone-
ness. Possibly, the sexual conditioning procedure
has a stronger effect in participants with a propen-
sity for high excitation and low inhibition because
of a stronger effect of the US. We found, however,
sexual excitation and inhibition proneness not to
be significantly related to the strength of the
unconditional response. Alternatively, the ease in
getting turned on sexually in daily life may be
larger because a person is more easily sexually con-
ditionable. A person that is more easily condition-
able may associate several stimuli with rewarding
sexual experience, which may result in stronger
positive affect and sexual feelings when confronted
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with these cues [10]. Obviously, since our data
concerns correlations, we cannot infer anything
about cause or effect. The observed relationships,
however, indicate that our conditioning paradigm
offers the opportunity to investigate individual dif-
ferences in sexual excitability.

In contrast to our previous study [18], in which
higher FSFI sexual desire domain scores were con-
nected with stronger conditioned genital arousal
responses, in the present study, conditioned
genital responses showed no relationship with
sexual desire or arousal as measured with the FSFI.
This may be explained by less variability in the
FSFI scores in the present study compared with
the previous one. In our previous study, the mean
FSFI total score was 24.1—which is slightly below
the cutoff score for diagnostic classification of
sexual dysfunction [25]—with a range from 14.0 to
33.7. In the present study, mean FSFI total score
was 30.4, with a range from 20.8 to 34.8. Future
studies including participants with and without
sexual desire and arousal problems may be inter-
esting to investigate possible differences between
these groups in sexual conditionability.

To conclude, we successfully modulated genital
and subjective responses in women by an appeti-
tive differential conditioning paradigm. This rep-
lication of our previous study indicates that our
conditioning procedure is effective and provides a
very fruitful paradigm for further research. We
already noticed some limitations of our experi-
ment like the small number of extinction trials and
the susceptibility of the affect measure to demand
characteristics. Further studies with a large(r)
number of extinction trails and the inclusion of a
measure for subjective affective value that is not
susceptible to demand characteristics are needed
for more firm conclusions regarding modulation
of genital and evaluative responses by classical
appetitive conditioning. Also, in future studies,
inclusion of a randomized or unpaired control
group may be considered since a differential con-
ditioning procedure does not completely eliminate
nonassociative or pseudo-conditioning (e.g., sen-
sitization) explanations. Theoretically, it is pos-
sible that the contingent presentation of the US
increases processing of sexual features present in
the CS+, and hence lead to more responding to
this cue. Inclusion of a randomized or unpaired
control condition will also allow to conclude
whether conditioning consists of increased
responding to the CS+ or to decreased responding
to the CS- (conditioned inhibitory responding).
Future studies on resistance to extinction and on

the modulation by conditioning of likes and dis-
likes of sex will be interesting. Moreover, our con-
ditioning paradigm offers the opportunity to study
neurobiological influences on associative sexual
reward learning. According to the incentive
salience hypothesis, the mesolimbic dopamine
system attributes incentive salience to representa-
tions of stimuli that were associated with appetitive
reward [45]. From animal research, there is evi-
dence for a role of dopamine in sexual reward
learning [46,47], but to our knowledge, research in
humans on dopaminergic effects on the learning of
sexual reward has not been done [48]. In future
studies, we will apply our conditioning paradigm
to investigate whether sexual reward learning can
be impaired or facilitated by neurobiological
manipulations.
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